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SUMMARY n

The Accessory Angle Drive gearbox powers the fuel and hydraulic
pumps on the Atar engine in the Mirage aircraft. To insure against
in-flight failure, each gearbox is vibration tested under load after over-
haul by the local contractor.

A new vibration testing technique, offering greatly improved
accuracy and reliability, has been developed. The technique . uses a rgal-
time, fast-fourier spectrum analyzer, with direct digital read-out in
engineering units, and a tracking adapter with built-in anti-aliasing
filter.

This report defines correct procedures for the connection and
operation of the instruments, and the interpretation of the results.
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i, INTRODUCTLON

Between 1%6% and 1970, the French Air Force lost three HMirage
aircraft because of fatigue failures in the teeth of the Coniflex type
driven bevel gear in the accessory angle drive gearboxes of their Atar
engines, and a further two gears were found to be crackeu at overhaul.

At that time, the Coniflex gears were being replaced by gears with a
Zerol tooth form and a mixture of both types was in service. SHECMA,
tile engine manufacturer, placed a severe limitation on the allowable
operating life of both types of gear and commenced an investigation into
the cause of failures.

Initial findings suggested that at certain speeds the normal
gear meshing loads could excite a resonant mode in the gear. SHECMA
proposed a redesigned Zerol gear with a thicker web and introduced a
method of assessing gearbox condition by measuring vibration levels at
the gear meshing frequencies.

Although the Royal Australian Air Force (RAAF) haua not
experienced any failures of the gears in the Atar 09C engines in its
Mirage fleet, it was anxious to avoid similar problems pending the
introduction of the redesigned gears. The Aeronautical Research
Laboratories (ARL) were requested to develop techniques of vibration
measurement similar to those proposed by SNkCiA and to conduct a survey
of all the angle drive gearboxes in the RAAF fleet, with a view to
withdrawing from service those boxes with higli or abnormal vibration.
ihis task, performed by the Mechanical kngineering Division of ARL, is
described in Reference 1.

In 1972, SNECHA introducea an instrument callea the Elecma
Tracking Filter, designeu to sinplify the analysis of the angle urive
gearbox vibration auring inspection. It consisted of a bank of
narrow-band tracking filters, tuned to the gear meshing frequencies by
a suitable tachogenerator sigual, and j-resenting the amplitude of each
vibration component on an analogue meter. 7The RAAF orderea one of
these instruments for use by the Commonwealth Aircraft Corporation
(CAC) in the overhaul of the Atar engines. The Elecma was used
successfully by CAC for a nunber of years, but after increases in the
downtime for repair ana recalibration, ARL were asked to reconmend an
alternative method of analysis.

ARL proposed a method requiring new accelerometers, a
matching amplifier, a real-time narrow-band spectrum analyzer and a
tracking adapter wit. anti-aliasing filter. ‘these instruments were
acquired by CAC in 1978. A portable tape recorder was also purchasea
to enable recoruings of gearbox vibration to be made in different test
houses anu analyzed at one central location.

This report has been prepared as a Juide to the correct
operation of the instruments and the interpretation of the results.

N
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2. DESCRIPTION OF THE IWSTRUMENTS

2.1 QOverview

Figure 1 shows a schematic diagram of the instruments used
for the vibration testing of the angle drive gearbox. An accelero-
meter bolted to the gearbox casing converts the vibration into an
electrical signal which is amplified and then passed through an
attenuator to one channel of a tape recorder. The signal from one
phase of the engine tachogenerator is passea through an isolating
transformer to the other channel of the tape recorder. In this manner,
signals representing the vibration and speed of the gearbox may be
recorded simultaneously.

when the tape is reproduced, the tachogenerator signal 1
controls the sampling rate of the spectrum analyzer and the cut-off
frequency of the anti-aliasing filter. The vibration signal is
passed through this filter to the spectrum analyzer, where its
component frequencies are displayed. Entering the appropriate scaling
factor into the spectrum analyzer allows the direct digital read-out
in engineering units of each vibration component.

Since the sampling rate of the spectrum analyzer is
proportional to the frequency of the tacho¢generator signal, the spectrum
will be displayed as a functinn of engine orders instead of absolute
frequency. Although the engine speed will change during the test,
the position of each vibration component will remain fixed on the display.

With the spectrum analyzer in the peak node, the memory
contents at the end of a vibration test will show the nighest vibration
level reached by each component during the test. by comparing the
magnitude of each conponent with a table of maxirkum permissible
vibration levels, the condition of the gearbox may be assessed.

The use of the tape recorder is optional. On-line analysis
may be performed with equal ease and greater accuracy; therefore it is
recommcnded that on~line analysis be performed whenever possible.

Further details of each of the instruments are given in the
following sections.

2.2 Accelerometer

The Kistler 815A2 Piezotron Accelerometer is a hermetically
sealed quartz transducer containing an integral impedance converter
which provides a low~impeaance output enabling conventional shielded
cable to be used without degradation of performance.
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The accelerometer may be mounteu on any flat surface normal
to the required measurement axis using a threaded stud in a tapped
hole. Adhesive mounting is not recommended, as tests by ARL have shown
that the high frequency respcnse is deyradeu by this method.

The accelerometer mounting procedures are described in
Sections 4.4 and 5.1. Full performance uata are contained in
Reference 2.

2.3 Amplifier

The Kistler 504L Dual FMode Amplifier is suitable for use with
either straight piezoelectric transducers or transducers containing
an integral impedance converter.

A transducer sensitivity control on the amplifier enables
the amplifier output to be set to integer values of engineering units
per volt as selected by the amplifier range control, regardless of the
sensitivity of the transducer.

bPower for the impedance converter in the transducer is
provided by the amplifier via the connecting cable. Plug~in low-pass
filters may be selected in order to reduce the effect of the trans-
ducer resonance and attenuate unwanted noise.

Full specifications are provided in Reference 3.
2.4 Attenuator

The RECORD LEVEL controls on the tape recorder do not have
detents and can only be set repeatably in the MIN and MAX sensitivity
settings. Unfortunately the optimum sensitivity setting required to
match the amplifier and tape recorder lies between these two extremes.
To obtain repeatable attenuation of the vibration signal, a simple,
frequency-ccmpensated attenuator has been supplied by ARL. When the
RECORD LEVEL control is set to the MAX position and the attenuator
inserted in the connection between the amplifier and the tape recorder,
the correct attenuation is produced. The attenuator is housed in a
small aluminium tube and may be connected either way around without
impairing the high-frequency performance of the tape recorder.

2.5 Isolating Yransformer

During testing, the enygine tachogenerator signal is used to
drive the test-house tachometer. To avoid ground loop noise problems
the tachometer signal ground is isolated from the tape recorder input
ground by a transformer. 7The signal produced by the tachogenerator is
in excess of ¢0 mv KIS and contains a very large conponent at the
frequency of the tenth harmonic of the tachogenerator shaft speed.
Before this signal can be recorded or usea to control the tracking
aaapter, it must be isolated, attenuatea and filtered.




A simple isolating transformer, with a built-in attenuator
and bandpass filter, has been supplied by ARL.

2.6 Tape Recorder

The Sony Stereo Tapecorder TC-510-2 is a moderately-priced,
direct-recording, two-channel, portable, reel-to-reel tape recorder.
Although intended primarily for audio recording, the performance
specifications given by the manufacturer indicate it may be suitable
for many vibration recording applications. Full details of the
specifications are given in Reference 4.

The performance of the unit acquired by CAC has not been
as good as the specifications would suggest. Measurements maae
according to the procedure adescribed in Appendix C have shown that the
frequency response for channel L is inadequate for recoruino the vibra-
tion signal without some corrective action. by operating the amplifier
with the 150 kHz filter inserted, the rising response characteristic
of the accelerometer will tend to compensate for the fall in response
of the tape recorder. In this manner, adequate performance can be
obtained.

Further measurements, made according to the procedure
described in Appendix C have siown that the frequency response of
channel R is inferior to that of channel L. Fortunately, the recording
of the tachogenerator signal does not require high fidelity, and so
channel R is adequate for that purpose.

In view of the poor frequency response of the tape recorder
and the neeu for frequent recalibration, it is recommended that on-
line analysis be performed whenever possible.

2,7 lracking Adapter and Spectrum Analyzex

The wicolet 444A Mini-Ubiquitous FFT Computer Spectrum
Analyzer is a real-time, narrow-band fast fourier analyzer with re-
solution of 400 lines. It features 16 frequency analysis ranges,
transient capture capability, linear or logarithnic display of
frequency and amplitude axes, full display annotation, and a dual memory
with the ability to display the sum, difference and ratio of the memory
contents. Full specifications are proviued in Reference 5.

The instrument purchased by CAC is fitted with Option 05,
comprising a set of built-in testing routines which enable the
performance of the aigital circuits to be checkea in the field.

The Nicolet 24C Spectrum Tracking Adapter accepts a
reference frequency generated by the machine of interest and converts
it to a frequency suitable for controlling the sampling rate of the
4444 Spectrum inalyzer. Changes in the speea of the machine therefore
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cause proportional changes in the sampling frequency with the result
that the components of the spectrum remain in a fixed position indepen-
dent of the speed of the machine. The sampling rate control greatly
facilitates the monitoring of machines which do not run at constant
speed.

The tracking adapter purchased by CAC is fitted with
Option 07, cowprising a low-pass tracking filter which automatically
adjusts its cut-off frequency according to the sampling frequency.
The signal to be analyzed is first passed through the filter, which
blocks frequencies above the current analyzer range thereby preventing
aliasing errors.

Full specifications are provicded in Reference 6.

3. SPECIAL PRECAUTIONS

3.1 General
1) Extreme care must be exercised when setting the controls

on the instruments, since even one incorrect setting may cause
erroneous results.

2) The frequency response of the system for on-line analysis
is superior to that for recording and off-line analysis. Therefore
it is recommended that on-line analysis be performed whenever possible.

3.2 Accelerometer and Amplifier

1) Lropping an accelerometer may expose it to shocks of several
thousand g, and may proauce a signal of sufficient amplitude to
destroy the integral impedance converter. Should an accelerometer be
dropped, it should not be useu before a recalibration has been pexrformed.

2) The input stage of the amplifier contains a field-effect
transistor which may be easily damaged by stray voltages which
accumulate on the accelerometer cable For this reason, the procedures
described in Sections 4.5 and 5.2 should be followed carefully each
time the accelerometer, cable and amplifier are to be connected.

3) When using the amplifier in the piezotron mode, the charge
input must be protectea with the metal shieluing cap ccnnected (via
the integral chain) tc the rear panel of the amplifier.

1) When used for on-line analysis as described in Section 5, the
specially matched 20 khz filter MUST be inserted in the socket on the
rear panel of the amplifier. This ensures that the frequency response
of the system is flat over the requirea range.
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5) When data are to be recorded on magnetic tape as described
in Section 4, the 150 kHz filter MUST be inserted in the socket on
the rear panel of the amplifier. The rising response characteristic
| of the unfiltered acceleroneter compensates for the fall in response
of the tape recoracr, giving a frequency respunse for the system that
is approximately flat over the required range.

3.3 Tape Recorder
1 1) Before mounting each tape, the head, guide and capstan

surfaces should be cleaned with a cotton swab slighctly moistened with
a recommended cleaning solution or Freon 1F.

2) Unnecessary handling of the tape surfaces should be
. . avoided when loading anu unloading. The tapes shovld be stereu in a
clean, dry environment.

3) The aust-proof cover should Le clcsed except when cleaning,
loading or unloading the tape, or adjusting the controls.

4) Channel L of the recorder has better frequency response
characteristics than channel R. Only cnannel L should be used for
the recording of reference and vibration signals. Channel K is
adequate for recording twne tachouenerator signal.

control (channel L) MUSY be turned FULLY CLOCKWISE to the MAX position
and the supplieu attenuator inserted in the input lead to channel L.
This proceuure ensures that the attenuation will renain the same for
all recordings.

l 5) when recordings are to be made, thc outer RECORD LEVEL
]
z

' 6) The Reproduce katio of a magnetic tape is defined as the
ratio of the level of a reference signal appearing at the output of
the reproducing amplifier to that coupled to the input of the recording
amplifier at the time of recording. The Reprouuce Ratio of magnetic
tapes will vary between tapes supplied by different manufacturers, and
even among different tapes supplied by the one manufacturer. A
reference signal .l be recorded at the start of each tape, as
described in Section 4.2, so that thc Reprocuce Ratio way be accurately
determined for that specific tape.

7) The signal recorued on a tape may deteriorate over a long
period of time. If an old rvcording is to be analyzed, the Reproduce
Ratio for that tape should be recalculated by measuring tihe level of
the reference signal as described in Section 4.3. If a new recording
is to be made on a tape wnich bas not been usea for a long time, a
new reference signal shoulu also be recorded.




8) Residual magnetism will gradually accumulete on the heads
after extensive use, causing an increase in tape noise and erasure
of the higher frequency signals. After every 20 to 30 hours of
operation, the heads and metallic parts of the tape path should be
demagnetized with a head demnagnetizer as shown in Reference 4, It
is essential that the tape recorder be switched off before demagnetizing
the above components.

3.4 Tracking Auapter

1) Since the engine tachogenerator signal used to trigger the
adapter operates at 1.00728 times engine speed, the speed displayed
on the tracking adapter will Le approximately O.7% higher than the
true speed shiown on the test house tachometer,

2) On the settings specifieu, the tracking adapter will take
approximately 10 seconds to lock onto the tachoyenerator signal.
When recording a vibration signal for subsequent analysis, tue
engine speed should be held constant for the first 10 seconds of the
recording.

3.5 Spectrum Analyzer

1) If cexrtain of the front panel controls of the spectrum
analyzer are operatec in an ébnormal sequence, the iiternai micro-
processor may latch-up, causing the display to disappear. wormal
operation may be restored by pressing the reset button on the rear
panel of the analyzer.

2) The reference level of the analyzer is altered by turning
the power off or depressing the CURSOR AMPLITUDE REFLEKENCE switch
into the SET R position. It 1is essential that the reference level
be set correctly before the amplitudes of the vibration peaks are
measured.

3) Analyses should only le made with the ANNOTATION switch
in the DATL position and the CURSOR FRLQUENCY 1YPE switch set to OFF.
These settings minimize the time that the internal microprocessor
spends on the presentation cf the display, thereby enabling more
complete analysis ! the Inconing data. Maximizing the analysis time
is important for the testing of accelerating machines which wmay
cexhibit large transienl “¢SCNJNces.

4. ReCORDING ARD OFF-LIke AvALYSIS

4.1 Loadity the Tape Recorucy

1) Clean tne heau, guide and capstan surfaces witii a cotton
swab slightly moistened with a recommended cleaning solution or
Freon 1F.




2) liount the reel of tare on the left-nand reel holder and
thread tue tape as shown in Figure 9a.

3) Set the BIAS and EQUALIZATION controls to the positions
shown in Table 1 according to the type of tape being used.

4) Press the tape counter RESET button.
4.2 Recorxding a Reference Signal
1) Connect a signal generator, voltmeter, attenuator and tape

recordexr as shown in Figure 2.

2) Depress the L and R RECORD MODL buttons.

3) Set the SOURCL/TAPL select switch to SOURCE. :
i

4) Set the other controls of the tape recorder as shown in

Figures 9a to 9d and Table 4.

5) Use the REWIND/FAS1--FORWARD lever to move the tape to the
required location as shown by the tape counter.

€) Log the readiny of the tape counter on the Record Sheet.

)] Adjust the signal gencrator output fregquency to approximate-
ly 2 KHz.

8) Adjust the signal generator output level until the voltmeter

indicates approximately 1 V RMS.

2) Log the exact reading of the voltmeter on the Recora
Sheet.
10) Push the FUKNCTION selector ana turn it clockwise to the

RECORD position.

11) Change the SCURCE/1TAPE select switch to TAPE. The sound
d from the monitor speaker shouid be clear and unuistorted.

12) After approximately 60U seconds, turn tne FUNCTION selector
counter-clockwise to the S$1WOP position.

13) Log the reading of the tape counter on the Record Sheet.

14) rKelease the L and K RECORD MODE buttons.

-
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4,3 Reproducing a Reference Signal

1) Connect the tape recorder and voltmeter as shown in
Figure 3.

2) Release the L and R RECORD MODE buttons.

3) Set the SOURCL/TAPE select switch to TAPL.

4) Set the other controls of the tape recorder as shown in
Figures 9a to 9d and Table 4.

5) Use the REWIND/FAS1-FORWARD lever to move the tape to the

start of the recorded reference signal as shown by the tape counter.

6) Turn the FUNCTION selector counter-clockwise to the
PLAYBACK position.

7 Log the reading of the voltmeter on the Record Sheet.
8) Turn the FUNCTIOv selector clockwise to the STOP position.
9) Calculate the Reproduce Ratio for the tape from the

following equatiol.:

reference signal on playback (V. RMS)

Reproduce Ratio = (1)

recorued reference signal (V RMS)

10) Log the Reproduce Ratio on the Record Sheet.

4.4 rounting the Accelerometer

1) Disconnect the accelerometer cable from the amplifier.
2) Snmiear the mouified angle drive retaining bolt face and

washer with a light silicone grease, then fit these to the lower
centre mounting hole.

3) Smear the base of the accelerometer with a light silicone
grease.
4) Screw the accelerometer onto the mounting stud, checking

thuat the stud does not bottom in the accelerometer ihousing.

5) Tighten tihe accelerometer to & torque of 2:.2 Nm (1612 1lbf
in).




6) Examine the connectors on the accelerometer and the cablce
for contaminants, and clean with Freon TF if necessary.

7) Connect the cable to the accelerometer.

8) Tape the cable to tne body of the accelerometer to strain
relieve the connector.

4.9 Connecting the Accelerometer to the Ampiifier

1) Insert the 150 khz filter in the socket on the rear panel
of the amplifier.

2) Set the operating mode switch on the amplifier to the
PIEZOITRON position.

3) Set the OPERATL/CROUND switch to the GROUND position.

4) lurn the amplifier power on,

5) Wait 10 minutes rfor the ampiifjier to warm up.

6) Set the RANGE switch to the 5k position.

7) Lonnect the accelerometer cable tc the PIEZUTRON input of

the anplifier as shown in Figure 4.

3) Set the TRANSDUCER SENSITIVITY control to the value shown
in Table 2 for the transducer used.

4.6 Recording a Vibration Signal

1) Connect the accelerometer, amplifier, attenuator, isclating
transformer and tape recorder as shown in Figure 5.

2) Set the amplifier controls as shown in Figure ©¥ and Taule
3.

3) Depress the L and R RECORDL MODE buttons.

4) Set the SOURCL/1APE select switch to SOURCL.

5) Set the othar controls of the tape recorder as shown in

Figures va to 9d and Table 4.

6) Use the RLWIND/FASYW-FORWARL lever to move the tape to the
requirea location as shown by the tape counter.

) Log the reading of the tape counter on the Record bLheet.
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8) Adjust tue amplifier RANGE setting until the left-hand VU
meter inaicates less than 100% on the lower scale, allowing sufficient
over~-range for the expected maximum vibration level during the test.

Q) Log the amplifier range on the Reccrd Sheet.

10) Adjust the inner RECORD LEVEL control (Channel R) until
the right-hand VU neter indicates less than 100% on the lower scale.

11) Warm up the engine and set the speed to 5800 RPl.

12) Push the FUNCTION selector and turn it clockwise to the
RECORD position.

13) Maintain the speed constant for approximately 15 seconds,
then slowly accelerate the engine.

14) Observe the left-hand VU meter. If the needle moves
repeatedaly into the red zone the test should be repeated beginning at
step 9 witn the amplifier set on a higher RAUGE scale.

15) When the engine speed reaches v400 RPM, maintain this
speed for approximately two minutes.

16) Accelerate the engine to the overspeea condition of
6650 RPM.
17) After approximately 10 seconds, turn the FUNCTION selector

counter-clockwise to the STCP position.

18) Shut down the engine.

19) Log the reading of the tape counter on the Record Sheet.

20) Release the L and R RECORD MODE buttons.

21} Change the OPERATL/GROUND switch on the amplifier to
GROUWD.

4.7 Analyzing a vibration Recording

1) Connect the tape recorder, tracking adapter and spectrun

analyzer as shown in Figure 6.

2) Release the L and R RLCORD MOLL buttons.
3) Set the SUURCE/TAPE select switch to TAPE.
4) Set the other controls of the tape recorder as shown in

rigurcs 9a to ¢9d and Table 4.
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5) Use the REWIND/FAST-FORWARD lever to move tnc tape to the
start of the recorded vibration signal as shown by the tape counter.

6} Set the SIGWAL ATTENUATOR on the tracking adapter to 10 dE.

7) Set the other coantrols on the tracking adapter as shown in
Figure 10 and Table 5.

8) Set the CURSCR TI'REQULKCY TYPE switch on the spectrum
analyzer to OFF.

©) Set the other controls of the spectrum analyzer as shown
in Figures lla and 1l1ib and Table 6.

10) Turn the FUNCTIiON selector counter-clockwise to the PLAYBLACK
position.
11) Wait until cvihe LOCK indication on the tracking adapter bhecoites

steady, then press the START A button on the spectrum analyzer.

12) Cbserve the OVLRLOAD indicators on the tracking acvapter and
the spectrum analyzer and the LOCK indicator on the tracking adapter.
If either of the OVERLOAD indicators lights repeatedly, or if the LOCK
indicator extinguishes at any time, check all connections ana control
settings ana repeat the test beginning at step 10.

13) Observe the tape counter and press the STOP A outton on the
spectrum analyzer before the tape counter reaches the end of the
recoruing.

14) Turn the FUNCTION selector clockwise to the STOP position.

15) Obtain the System Sensitivity setting for the amplifier

RANGE scale used from Table 7.

10; Calculate the Corrected System Sensitivity from the fcollowir.:
eguation:

Corrected

System = Reproduce X System (2)

Sensitivity Ratio Sensitivity

17) Change the CURSOR FREQUENCY TYFE :.;itch on the spectrum

analyzer to SINGLL.

13) Depress and 1LOLD the CURSOR AMILITUDL REFERENCEL svitch on
the spectrum analyzer in the SET k position, and raisc or lower the
GAIN switch until tue value indicated in the REFLKuuCkh LEVEL ficld of
the display, shown in Pigure 12, equals the Corrected System Sensitivity.




19) Depress or raise the GAIN control .n the specctrum analyzer
until the highest peak of the spectrum is close tc but dees not enceed
the top grid line.

20) Press the CURSOR contrcl to the left or right until the
CURSOR POSITION field in the displiay as shown in Figure 12 indicates
the percentage of full-scale oruaers for tine first spectral comnjonent
snown in Table 9.

21) Adjust the CURSOR coutrol in single steps to the left or
right until the cursor dot is at the peak of the ncarest spectral
component.

22) Read the CURSOR AMPLYIYUDE field of the display shown in
Figure 12 and log it on the Record Sheet.

23) Repeat steps 20, 21 and 22 for &il of the compolents shown
in Table 9.
24) If all the wmeasured amplitudes are less than the corresponding

maximum permissikble amplitudes shown in Table 9, the gearhox may be
passed ana testing is complete. If the 75.4 U component exceeds 40 g,
but is less tnan 50 g, the following additional steps are necessary
to determine whether the gearbox may be passed.

25) Use the RLWIND/FAST-FORWARD lever to move the tape to the
start of the recorded vibration signal as shown by the tape counter.

26) Turn the FULCTIVI: selector counter-clockwise to the PLAYBACK
position.
27) Wait until the LOCK indication on the tracking adapter

becomes steady and the SPEEL indicator shows 7200 RPM, then press the
START A button on the spectrum analyzer.

23) Repeat steps 12 to 23.

29) If the amplituue of the 75.4 N component is less than 40 g,
the gearbox may be passecd and testing is complete.

5. ON-LINE ANALYSIS

5.1 Mounting the isccelerometer
1) Disconnect the accelerometer cable from the amplatier.
2) Smear the modified angle drive retaining bolt fuce and

washer with a light silicone grease then fit these to t.ue lower centre
wounting hole,




3) Smcar the base of the accelerometer with a lignt silicone
grease.

4) Screw the accelerometer onto the mounting stud, checking
ti.at the stud does not bottcem in the accelerometer housing.

5) Tighten the accelerometer to a torque of 2:.2 N (18%2 1bf
in).

6) Examine the connectors on the accelerometer and the cable
for contaminants, and clean witii Freon TI if necessary.

7) Connect the cavle to the accelercmeter.

8) Tape the cable to the body of the acceleroneter to strain
relieve t.ie connector.

5.2 Connecting the Accelerometer to tne Amplifier

1) Insexrt the 20 khz filter in the socket on the rear panel
of the amplifier.

2) Set the operating mode switch on the amplifier to the
PIEZOTRON position.

3) Set the OPLRATL/GROUND switch to the GROUND position.

4) Turn the amplifier power on.

5) Wait 10 minutes for tle amplifier to warm up.

6) Set the RANGE switch to the 5K posicion.

7) Connect the accelerometer cable to the PIEZOTRON input of

the amplifier as shown in Figure 4.

8) Set the TRANSDUCLEK SLNSITIVITY to the value shown in
Table 2 for the transducer used.

5.3 Analyzing a Vibration Signal Or-Line

1) Connect the amplifier, voltmcter, isolating transformer,
tracking adapter and spectrum analyzer as shown in Figure 7.

2) Sec the amplifier controls as shown in rigure 8 and Table

3) Sct the LIGNAL ATTENUATOR on the tracking aawapter to
1b ub.
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4) Set the other controls on the tracsning adapter as shown
[

in Figure 10 and Table 5.
5) Set the CURSOR FREQUENCY 1YPE switch on the spectrum
analyzer to OFI.

©) Set the other controls of the spectrur analyzer as shown
in Figures lla and 1lb and Table 6.

7) Adjust the amplifier RANGL scale setting until the
voltmeter indicates less than 1 V RMS, allowing sufficient over- range
tor the expected maximum vibraticn level during the test.

8) Log the arplifier RANGE on the Record &iheet.
9) Warm up the engine and set the speeu to 5800 RPR.
10) Wait until cthe LOCK indication on the tracking adapter

becomes steady.

11) Press the START A button on the spectrum analyzer.
12) Slowly accelerate thc engine.
13) Observe the OVERLCAD indicators on the tracking auapte:

and the spectrum analyzer and the LOCK inuicator on the tracking
adapter. If either of the OVERLOAD inuicators Lights repeatedly,
the test should we repeated beginning at step 8 with the amplifier
set on a higher RANGE scale. If the LOCK indicator extinguishes at
any time the test should e repeatcd beginning at step 9.

14) When the engine speed reaches 8400 RPM, maintain this
speed for approximately twc tinutes.

15} accelerate the engine to the overspeed condition of
8650 RPi.
16) After approximately 10 seconds, press the STOP A button

on the spectrum analyzer.

17) Shut down tho engine.

18) Change the COFLRATE/GROUND switch on the amplifier to
GROUND.

13) Obtain the System Sensitivity settinyg for the amplifierxr

RANGE scale from 7tal.le 8.

20) Changye the CURSOK PREQULNCY 1YPE switcuii on the spectrum
anualyzer to SINGLL.
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21; Depress and HOLD the CURSCR AMPLITUDE RLFERENCE switch
on the spectrum analyzer in the SET R position, and raise or lower
: the GAIN switch until the value indicatew in the REFERLUCE LEVEL
i field of the display, shown in Figure 12, cquals the System Sensitivity.

22) Depress or raise the GAIN control on the spectrum
analyzer until the highest peak of the spectrum is close to but dces
not exceed the top grid linc.

23) Press the CURSOR control to the left or right until the
- CURSCR POSITION field in the display shown in Figure 12 inaicates the
percentage of full-scale orders for the first spectral component
shown ia 7Table 9.

. 24) Adjust the CURSOR corntrol in single steps to the left or
right until the cursor dot is at the peak of the nearest spectral
component.

L 25) Read the CURSOR AMPLITUDL field of the display shown in

] Fijure 12 and log it on the Record Sheet.

20) Repeat steps 23, 24 and 25 for all of the components
shown in Table 9.

: 27) If all the measured amplitudes are less than the
corresponding maximum permissible amplitudes shown in “Table 9, the
gearbox niay be passed and testing is complete. If the 75.4 N

component exceeds 40 g, but is less than 50 g, the following additional
steps are necessary to determine whether the gedrbox may ke passed.

i ‘ 28) Change the OPERATE/GROUND switch on the amplifier to
i OPERATE.
} 29) Warm up the vngine and set the speed to 7150 RPM.
& | 30) Repeat steps 10U to 26.
31) If the amplitude of the 75.4 U component is less than 40 g,

the gearbox may be passed and testing is complete.

¢, CALIBRATIOW OF INSTRUMENTS

6.1 Accelerometer

Periodic calibration of the sensitivity and frequency
responge of the accelerometer is required. Section 5.1 of Reference
2 describes the procedure for back-to-back calibration against a
transier standard. It is recomwendeu that the calibration Le perforried
at intervals of threc months. The transfer standard itself should be
calibrated every twelve months at a NATA-approved laboratcry, such
as the Govermment Aircraft Factory, or thc wational Measurement
Laboratories.

v _ — »
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6.2 Amplifiex

Pericdic calibraticn of tne sensitivity ana feequency
response of the amplifier is also required. Sections 3.1, 3.3 ana
3.4 of Reference 3 uescribe the procedures tor calibrating the
amplifier. It is recommended that this calibration be perfoimed at
intervals of six months.

0.3 Attenuatcer

“he values of the resistance and capacitance in tie
attenuator may change slightly over a long period of time. If a
reference signal is recorded at the start of eacn tape, or after a
long interval between recordings, these changes for the most part
w2ll be incorporated in the value of ine Reproduce Ratio.

however, the Reproduce Ratic will not conpensate for
changes in the time constant of the attenuator, upon which its high
frequency pertormance depends. It is recommended that the proceuure
described in Appendix I for the selection of components for the
attenuator be repeated at intervals of six months.

6.4 Tape Recorder

The performance of the tape recorder will be uegraded
over a period of time by the accumulation of dust particles and
residual magnetism along the tape path. Before mounting each tape,
the head, guide and capstan surfaces should be cleaned with a cotton
swab slightly moistenced with a recommended cleaning solution or Freon
TF. After every 20 to 30 hours of operation. the heads and metallic
parts of the tape path should be demagnetizea with a head demagnetizer
as shown in Refercnce 4. It is essential that the tape recoruer be
switched off before uemagnetizing the above components.

The frequency response ol the tape recorder depends very
much on the specific type of mugnetic tape useu. bBefores a new type of
tape is accepteu for the recoruing of vibration signals, the
frequency response of the tape recorder with the new tape MUST be
measured according to the procedure describea in Appendix C, and
the matching of the accelerometer, amplifier and tape recorder verified
as uescribed in Appendix D.

The pertormance of the tape recorder may change slightly
over a lony period of time. If a reference signal is recordoa at the
start of each tape, or after a long interval between recoraings,
tuese changes for the most part will be incorporated in the Reproduce
Ratio.
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However, the Reprouuce Ratic will nut comyensate for
changes in the frequency response of the tape recoruer. It is
recommended that the freguency response be measured accerding to the
procedure described in Appendix C and the matching of the accelero-
Lneter, amplif.er and tape recorder veritied as described in Appenaix
D at intervals of six menths.

6.5 Tracking Adapter

It ig recommended that the alignent proceaure described
in Section 5.1 of Reference b ke periormed at intervals of 12 months.

6.6 Spectrum Analyzer

it is recommended that the user adjustmnents describeu
in Section 7 of Reference 5 bLe pertormed at intervals of 12 months.

The instrument acquired by CAC 1s fitted with Option 05,
comprising a set of built-in testing routines winich allow the per-
formance of the digital circuits te be checked in the field,
Instructicns for using these routines are given in Reference 6. It

is recommendea that the tests be performed at interxvals of six months.

7. CORCLUDING REMARKS

The test procedures described irn this report have been in
use at CAC for more tnan 18 wontihs. During that time the equipment
has proved highly reliable, with only one failure, which was traced
to a loose plug inside the tracking adapter.

It is envisaged that the equipment will find many other
applications in the field of engine vibration testing.
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APPEWDIX A. DESIGH OF ATYENUATOR

Figure 13 shows the circuits of the attenuator and the electrical
equivalent of the tape recorder input. The subscripts "a" and "i"
denote "attenuator" and "input" respectively. At DC, the attenuation

is given by:

v R+ K.
L. .8 '3 (3)
Vi R

If the attenuator is frequency compensated, Ca and Ci are related by:
R C_ = R,C, (4)
a

The input impedance of the tape recorder is specified as
100 k2 (Reference 4), but the individual values of Ri and C, are not
given. For this reason, R_ and C_ were determineu experimentally using
the procedure described in Appendix B.

Using that procedure, values of 3MQ ancu 4.7 pF were determined
for Ry and C, respectively. The exact value of attenuation is
determined implicitly in the calculation of the Reproduce Ratio in
Section 4.3. The attenuator also compensates for the input cable
capacitance.




APPENDIX b. SELLCTION OF COMPOWENTS FOR ATTENUATOR

L) Connect the signal generator, voltmeter, attenuator, tape
recorder and coscilloscope as snown in Figure 14.

2) Release the L and R RECORu MODE buttons.
3) Set the SOURCE/TAPE select switch to SOURCE.
4) Set the other controls of the tape recorder as shown in

Figures 9a to 9d and Table 4.

3) Adjust the signal gencrator output frequency to apprcximately
10 kliz.

6) Set the signal generator to sine-wave mode.

7) Adjust the signal generator output level until the voltmeter

indicates 1 V RMS.

a) Adjust the value of the attenuator resistance until the left-
hand VU meter indicates 100%.

2) Adjust the inncr RECORD LEVEL control (channel R) on the
tape recorder until the right-hand VU meter indicates 100%.

10) Adjust the vscilloscope until the traces from channels L and
R are visible on the screer.

11) Set the signal generatoxr to square-wave moae.

12) Adjust the signal generator output level until both VU meters
indicate less than 100:.

13) Adjust the value of tne attenuator capacitance until the
oscilloscope traces fron channels L and R exhivit the same rise time
and oversnoot.

14} Repeat steps 7 to 13 until constant values of resistance and
capacitance are found.




APPERDIX C. IMEASUREML.T OF FREQULNCY RLSPOUSE

OF wAPE RECORULLR

1) Connect the sweep oscillator, tape recorder, voltmeter and
plotter as shown in Figure 15.

2) bepress the L and R RECORD MODr buttons.
3) Set the SOURCE/TAPE select switch to SOURCL.
4) Set the other controls ©of the tape recorder as shown in Figurcs

Ya to 9d and Table 4.

5) Use the RLWIKD/FAST-FORWARD lever to move the tape to the
requireu location as shown by the tape counter.

6) Place a sheet of linear-logarithmic graph paper similar to that
used in Figures 16 ana 17 on the plotter.

7) Set the sweep oscillator output frequency to 20 hHz and adjust
the X-axis zero control on the plotter until the pen is positionea
over the 20 Hz mark or. the paper.

8) Set the sweep oscillator output frequency to 20 kHz ana adjust
the X-axis gain control on the plotter until the pen is positioned
over the 20 khz mark on the paper.

9) Repeat steps 7 and & until both positions are correctly set.
10) Set the sweep oscillator output frequency to approximately
10 khz.

11) Adjust the sweep oscillator output level until the left-hand

VU meter indicates approximately 100%.

12) Set the sweep oscillator output frequency to approximately

500 nz.

13) Set the voltmeter range to 1 V RMS.

14) Push the FUNCTIOu selector anu turn it clockwise to the RECORD
position.

15) Change the SCOURCL/TAPL select switch to TAPL.

16) Press the Y-axis zerc button on the plctter and adjust the

Y-axis zero contral until the pen is positicned over the zerc response
ratic mark on the paper.

17) Release the Y-axis zero putton on the [.lotter and adjust the
Y~axis gain control until the pern is positioned over tne unity response
ratio mark on the paper.




APPLWDIX C {(CONTD.)

'! 18) Repeat steps 1o and 17 until both positions are correctly set.
19) Set the sweep oscillator output frequency to 20 hz,
20) Lower the plotter pen.
21) Siowly sweep the oscillator frequency from 20 hz to 20 kHz.
22) Raise the plotter pen.
23) Turn the FUNCTION selector counter--clockwise to the SYOP

position.

a3 Py




APPLIDIX D. MATChHLING THE ACCLLEROMEYER, AMPLIFILR

AND TAL KECORLDER CLARACTEKISTICS

The vibration components of interest in angle drive gyearkbox
testing lie in the frequency range 2 to 14 khz. To ensure accurate
assessment of gearbox condition, the frequency response of the entire
analysis systemn shoula be flat to within about *5% over this range.
The instruments which have the greatest influence on the response
are the accelerometer, amplifier and tape recorder.

For on-line analysis, the tape recorver is not requireau.
wable il shows that the response of a typical accelercmeter and
amplifier fittea with a matched 20 kHz filter is flat to within #2%
over the range 1 to 20 kiiz. Therefore, for on-line analysis, fitting
the special matched 20 knz filter in the ampiifier will give a
frequency response adequate for vibration testing of the gearboxes.

For off-line analysis, with the 150 khz filter fitted in the
amplifier, the rising response characteristic of the accelerometer
will tend to compensate for the fall in trequency response of the tape
recorder above about 10 khz. Table 12 shows that the response for
the system of accelercnmeter, amplifier and taje recorder remains flat to
within about t5% over the range 2 to 14 khz. Therefore, for recording
and subsequent off-line analysis, the 15u kHz filter will qgive a
frequency response adequate for vibration testinyg of the gearboxes.

From the figures yiven in the preceding paragraphs, it is
clear that the frequency response of the system for on-line analysis
is superior to that for recording and off-line analysis. Therefore
it i1s recommended that on-line analysis le performed whenever possible.




APPLWDIX . CAL WLATIOW OF SYSThM SENSITIVITY

Tests on the tracking adapter have indicated that a sine-wave
vi approximately 300 mV RMS applied to tue SIGWAL input is sufficient
t cause the OVERLOAD indicator to be illuninated when the SIGHAL
ATTLNUATOR 1s set to O dB.

Since the amplifier produces a full-scale output of 1 V RMS
{(Reference 3), the SIGNAL ATTENGATOR should be set to 15 dB for on-line
analysis. If the 100 g amplifier range is selected, then an
acceleration of 100 g will produce 1V at the input to the tracking
adapter, With the SIGWAL ATTENUATOR set to 15 dB, the output from the
tracking adapter will be 178 mV, corresponding to a System Sensitivity
of 1.78 mV/g, or 1.76-3 V/g as shown in Table 8. The System
Sensitivities for the 50 and 200 g ranges may be calculated in &
similar manner.

The LINE outputs cf the tape recorder have a nominal full-
scale of approximately 435 nV Ri15> (Reiference 4). 1¢ avoid overlcading
the tracking acapter, the SIGHAL ATTENUATOR should be set to 10 dB
for the analysis of recorded data. The System Sensitivities shown
in Table 7 may be calculaced in the manner already described.

Since the full-scale Iiltered output of the tracking adapter
is approximately 300 mV, the spectrum analyzer SLLSITIVITY shouid
be set to 500 mV to prevent overloading.

hlthough the use of more sensitive settings on the tracking
adapter and spectrum analyzer would improve the signal-to-noise ratio
of the systen, the number of possible switch combinations and the
need for frequent resetting of the refercnce level on the spectrum
analyzer would greatly increase the risk of errors.




APPENDIX F. CALCULAYLICN OF ENGINC ORLLRS

The Atar (9C engine has a two-pole tachiogenerator operating
at 0.50364 times engine speed to produce an electrical output at a
frequency of 1.00728 times engire speed. During testing of the angle
urive gearbox at CAC, engine speeus cf L¢O0 RPM to 6650 RPM are used,
corresponding to tachogenerator frequencies of approximately 96 to
145 Hz.

The following equation, adaptea trom Section 3,18 of
Reference 6, relates the controi settings of the tracking adapter to
the naximum number of engine oruers displayed on the spectrum analyzer.

o=-H (5)

2,56D

where: = maxilum numker Of engine oraers

¢

P = number cf tacho pulses per engine revolution

M = tracking adapter multiplier setting

D = tracking auapter divider sctting.

In order for the tilter in tie tracking adapter to function,
D must be set to 2 or greater, and to resolve the 92,6N vibration

coliponent, O must be greater than 92.6. P is equal to 1.00728.
Kearranging Equation 5 gives

> 2209 455 (6)
> S = 4

Tz

For a D of 2, the only M whicn satisfies Lquation © is 512,
giving a full-scale range ot 100.7 engine orders. No other M or D
settings are suitable.

rable 14 summarizes the engine orders and percentage of tull-
sCale orders rouncea to the nearest 0.25. for the vibration components
generated by the angle drive gearbox.

During testing at CAC, a 30-~slot toue wheel is fitteu to the
engine shaft to drive the Rochar test house tachoneter. while the
higher tachogenerator frequency would improve the locking s;.ecc ¢r the
tracking adapter, tue only suitable .i and b scttings would position
the 92.¢ w conponent at 98.75% of full-scale crders. It was consiaered
that this was too close to the riuint-hand vertical axis to be examined
conveniently.
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TABLL

1. blaS AND LQUALIZAL IO 5LATIRNGE

|

{ Tape i vias ! Ly 3
L |
i I' T
Sony FeCr-5-275-tl ‘ tlormal i I'e~-Cr
i Scotch AV177 i Low . Special
TABLE 2. 1TRANSLUCLR SLEWSITIVITY SLTTINGS
(CALIBRATLD ARL MAY 1979)
‘Iransducer ; Serial Number Sensitivity
1 (mV/y) __J
{
Kistler ‘ 1369 0. 00
815Aa2
1371 10.02
1382 10.33 |
i i
TABLE 3. ANMPLIFIER SLTTINGS
| ‘
Pancl : Control Settina
Front Fower Cn
| O rate/Gnd See Text
| L
: Sensltivity See Text
Rarsje | See 'Yext
Tine Constant | short
fioae Piezo ]
f
| Rear Filter See Text




TABIE 4. TAPE RLUORDLR SLTTINGS

j Panel Control Position ‘
= !
[ Top 2 Tape Speed ‘ 19 em/s (7% ipsw
5 Speeu Tuning Centre |
l Bias t See Text !
% | Egualization i tee Teat !
L;, Rec Mode [ tee Text E
,  Front Lic Att | Not Critical |
Line/Mic Line ’
Limiter Of f
source/Tape See Text
Tape Ccunter See Text
Rec Level L Fully Clockwise
R See Text
VU meters See Text
Pause Release
: Function Selector See Text
| Rewind/FF See Text
; Right Mode Ltic
Speaker on
Level Centre
Left Power on
Low Filter Off




TABLL 5. TRACKING ADAPTLR SLTTINGS

! Control i Position l
! Power | on
: Signal Attenuation i See Text ;
' Filtered/Bypass ; Filtereu i
Speed/Tach Rate | Speca .
Pulses/Rev ' 01 .
Tach Level Fully Ccunter~Clockwise |
hultiplier l X512 '
Diviaer 1 02 '
{ Setup { ilot Critical
TABLE ¢. SPECTRUM AUALY4EL SETTTWGS
Panel ' Control . Position ,
! Front ' Power On :
: Resvlution 400 Line !
k Nulber i i Count
i Flotter | At curs
! Mode | Peak )
Display A }
I Lursor trey Type See Text :
! Readinyg he !
! Cursor Ampl Units v {
! Ref See Tlext )
’ Gain See Text :
Scales Freguency Lin. l
Anplituue Lin. ‘
! Sensitivity 500 nv |
| Input Weighting Off |
| Test/iC/DC AC i
Frequency Range 106,000
Frey/Orders Orders l
rriy Level Not Critical
Hold/Rel Lel f
| 1L on/off Oon {
i IL Junber ot Critical i
' Rear j Stcre Mode aux |
! Annotation | Data ;
: Weighting window i nhaun i
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? TABLE 7. SYSTEM SLNSITIVITY FOR ANALYSIS OF p
RECORLEL SIGuAL
| Amplificr Range Scale Systen Sensitivity ;
| {gsv) v/4) i
i
|
; 50 6,22-3
i 100 3.16-3
': 200 1,58~-3
: 500 632.-6
: |
TABLE 8. SYSTL! SkwsITIVITY FOF OW~LINE ANALYSIS
f : M
3 Aamplifier Range Scale system Sensitivity '
! (g/V) V/g) !
. 50 3,563 I
1
100 , 1,763 ‘
200 HHS . -0 I
500 56.-0 ! ‘
3 ‘ .
L
?
1




'TABLE

Y.

MAXIlivil PERMISSIBLE VIBRATIOH
(REFERLWCL 7)

Component % of Full-Scale Orders Mmaximui: Vibration l
(% Roundedu) (g RM5) i
=
23.1 N 23.00 100
5.1 n £5.00 40
46.2 N 40. 00 lou
50.2 i 50.00 40
C2.4 4 €9, 0u 1luo
75.4 1 74.75% 40 (See Text)
¢2.0 N £2.00 ou




TABLL 10. FRBQUEWCY RLSPOWSE O ACCLLLEI'OMLTERS
(C:LIBRATED ARL MAY 1979)

Frequency : Respunui Ratic
{kHz) i
! ‘ | hccelercreter |
! !
i ? { SN 136¢ \ SN 1371 !
L { ! .
! 1 1,00 1.00 {
' 2 1.00 1.01 1
s 1.00 ! 1.02 ;
, 1o 1.03 1.05 i
11 1.04 1.0¢ {
i 2 1.05 ‘ 1.06 !
| 13 1.06 1.08 |
b L4 1.08 1.10 l
[ 15 1.09 1.12 |
i 16 111 1.13 :
‘ | 17 1.17 1.20 ;
lo 1.17 1.20
19 1.21 1.18 f
P20 1.27 i 1.30

TABLE 1l. FREQULNCY RLSPONSE O} TYPICAL ACCELERUMLTER
(St 1096) AND AMPLIFIER WITH MATCHED 20 kHz FIL1uk

5 Frequency i Response Ratio !
| (kkz)
{ 1 1.00
2 l.00
5 1.00
8.6 .99
10 .07
i2 1.00 i

15 .99 |
20 : .ol ‘




TALLE 12.
AMPLIFIER AwD TAPE RECORDER WITH 150 xkEz FILTLR
(CALIBRATLL ARL MAY 1979)

FRLOUELCY RLSPONSL OF ACCELEROMLTLER,

Frequency Response Ratio
(kHz) .
Sony reCr ‘ape i Scotch AV 177 wape
‘ |
’ Accileroneter 71 Accelcrometer
S. 1269 jsu 1371 SH 136% SN 1371
i L N
2 T 1.06 [ 1.00 .95 TS
5 - 1.04 1,06 .97 .9t
10 ; 1.04 | 1.06 .9 .98
11 ©1.05 | i.o7 .45 L7
2 "1.03 | 1.04 .93 : .94
13 1.01 ! 1.03 .90 .92
14 ' .98 l 1.00 .86 . Bt
L
TABL: 153. FREQUENCY RESPONSL OF TAPE RECORDLR
(CALIBRAYED ARL [IAY 1979)
Frequency Response Ratic
(khz)
i Sony FeCr Scotch avV 177
— Lape X Tape
2 Y1.06 f .96
5 . 1l.04 .97
10 1.01 ; .94
11 1.01 : .92
1z ' et ‘ .69
i 13 : .95 .85
! 14 .93 .50
i




TABLLY 14,

PLRCENTAGL OF PJLL -uCALL ORDERS

Component ‘ tngine + Full-Scale uT v Tutl-Scalc |
! ; Orders oreers vrders
f i . {kounded)
i T
D25 w ! 23..49 _ 22.9% 23.00
! i
25.1 U £5.133 | 24,95 25.00
40,2 W 46. 29 { 45.96 46 .00
5G.2 W 50. 267 [ 29,90 50.00
6U.4 N 09,447 ! 0. 95 69.00
' 75.4 N 75.500 : 74 46 74.75
; ! 92.6 W ; 42,590 j 91.93 ©2.006
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